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INTRODUCTION 

General 

Processors exist as tools for the implementation of information 
system transfer functions. All useful processor systems in¬ 
clude at least one peripheral device in order to communicate 
with the user of the system. The processor not only manipu¬ 
lates information once it is in the system, but also handles the 
transfer of information to and from the user via the periph¬ 
erals. Often several devices are integral parts of the overall sys¬ 
tem. All peripherals must be serviced in one way or another 
by the system processor. The basic parameters that influence 
the design of peripheral servicing algorithms are the fre¬ 
quency of service required, the service latency allowed and 
the service duty cycle of the devices. 

There are two general methods used to initiate and coordinate 
this activity: Program controlled service and Interrupt driven 
service. In program controlled transfers, the processor 
schedules all peripheral events; an Interrupt driven system, on 
the other hand, allows modification of the system activities by 
external devices. 

With no interrupt capability, processors must depend on 
software polling techniques to service peripheral devices. As 
the number of such devices grows and/or as the complexity of 
service increases, the polling program becomes very time 
consuming and the overhead devoted to polling becomes a 
significant fraction of the available processing resource. When 
this limits system performance, the use of interrupts can often 
provide substantial improvement. 

Interrupts are used to enhance processor system throughput 
and response time by minimizing or eliminating the need for 
software polling procedures. Interrupts are hardware 
mechanisms that allow devices external to the processor to 
asynchronously modify the instruction sequence of the pro¬ 
cessor program being executed. An elementary single inter¬ 
rupt could be used simply to alert the processor to the fact 
that some kind of service is desired and thus to initiate a pol¬ 
ling routine. More complex systems may have multiple inter¬ 
rupts and vectoring protocols which can be used to further 
improve performance and eliminate all polling requirements. 
Vectoring allows direct identification of the interrupting device 
and its associated service routine. 

Figure 1 illustrates the essential functioning of a typical inter¬ 
rupt procedure. As the main program is executing instructions, 
an external interrupt arrives, in this example during instruction 
M+2.The processor completes M + 2 and then, instead of 
executing M+3, it performs some kind of interrupt acknowl¬ 
edge procedure, often involving execution of an additional in¬ 
terrupt instruction. The result will usually be that the address 
of instruction M+3 is saved for future reference, and the loca¬ 
tion of instruction N is determined. The processor then pro¬ 
ceeds to execute the interrupt service routine starting with in¬ 
struction N. The service routine may save, and later restore, 
the processor status as well as perform tasks requested by 
the interrupting device. The last instruction in the routine 
(N+K) directs the processor to resume the main program at 
instruction M+3. 

Notice that the presence of the hardware interrupt has caused 
a modification of the sequence of instruction execution; an 
additional block of instructions has been inserted in the main 
program. Interrupts provide the system designer with a sig¬ 
nificant capability that can help optimize his cost/performance 
tradeoffs. 



Figure 1. Basic Interrupt Procedure. 


Features 

The Am9519 Universal Interrupt Controller is a processor 
support device designed to enhance the interrupt handling 
capability of a wide variety of processors. A single Am9519 
manages the masking, priority resolution and vectoring of up 
to eight interrupts. It may be easily expanded by the addition 
of other Am9519 chips to handle a nearly unlimited set of in¬ 
terrupt inputs. It offers many programmable operating options 
to improve both the efficiency and versatility of its host system, 
operations. The Am9519 is well adapted to a wide range of 
uses including small, simple, as well as large, sophisticated, 
interrupt systems. 

The Am9519 provides any mix of one, two, three and four 
byte responses to the host processor during the interrupt 
acknowledge process. The response bytes are all fully pro¬ 
grammable so that any appropriate addressing, vectoring, in¬ 
struction or other message protocol may be used. Contention 
among multiple interrupts is managed internally using either 
fixed or rotating priority resolution circuitry. The direct vec¬ 
toring capability of the Am9519 may be bypassed using the polled 
mode option. 

An internal mask register permits individual interrupts to be dis¬ 
abled. It may be loaded in parallel by the host processor with any 
bit pattern, or mask bits may be individually controlled. The inter¬ 
rupt inputs use “pulse-catching” circuitry so that an external 
register is not needed to capture interrupt pulses. Narrow noise 
pulses, however, are ignored. The interrupt polarity may be 
selected as either active-high or active-low. 

Another important feature of the Am9519 is its ability to gen¬ 
erate software interrupts. The host processor can set interrupt 
requests under program control, thus permitting hardware to 
resolve the priority of software tasks. This is often a powerful 
system asset, especially for sophisticated operating software, 
as well as an aid for system testing, diagnostic, debugging 
and maintenance procedures. 

The Am9519 is implemented with AMD’s LINOX n-channel 
silicon gate MOS technology. This process features low profile 
structures, triple ion-implantation, both depletion and 
enhancement transistors, and small, low capacitance, low 
power, high speed circuitry. The chip contains 4,400 transis¬ 
tors within a total chip area of 28,765 square mils. It is pack¬ 
aged in a standard 28-pin dual in-line package. 
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Figure 2. Am9519 Block Diagram. 


HARDWARE INTERFACE 
Block Diagram 

The block diagram of the Am9519 shown in Figure 2 indicates 
the interface signals and the basic internal information flow. 
Interrupt Request inputs are captured and latched in the Inter¬ 
rupt Request register. Any requests not masked by the Inter¬ 
rupt Mask register will cause a Group Interrupt output to the 
host processor if the unit is enabled. When the processor is 
ready to handle the interrupt it issues an Interrupt Acknowl¬ 
edge pulse which causes (a) the priority of pending interrupts 
to be resolved and (b) a byte from the response memory as¬ 
sociated with the highest priority interrupt to be transferred to 
the data bus. The transfer of additional response bytes is con¬ 
trolled by additional Interrupt Acknowledge signals. Other in¬ 
terrupt management functions are controlled by the Auto 
Clear register, the Interrupt Service register and the Mode reg¬ 
ister. Control of the Am9519 is exercised by the host proces¬ 
sor using the Command register. The Status register reports 
on the internal condition of the part. 

The Am9519 is addressed by the host processor as two dis¬ 
tinct ports: a control port and a data port. The control port 
provides direct access to the Status register and the Com¬ 
mand register. The data port is used to communicate with all 
other internal locations. 


Interface Signal Description 

Figure 3 summarizes the interface signals. Figure 4 shows the 
interface signal pin assignments. 


Data Bus (DB) 

The eight three-state bidirectional data bus lines are used to 
transfer information between the Am9519 and the system 
dat a bus. The direction of information flow is controlled by the 
CS, RD, WR and IACK input signals. Data and command in¬ 
formation are written into the device; status, data and re¬ 
sponse information are output by it. 


Description 

Abbreviation 

Type 

Pins 

+5 Volts 

VCC 

Power 

1 

Ground 

VSS 

Power 

1 

Data Bus 

DB 

I/O 

8 

Response In Process 

RIP 

I/O 

1 

Interrupt Request 

IREQ 

Input 

8 

Chip Select 

CS 

Input 

1 

Read 

RD 

Input 

1 

Write 

WR 

Input 

1 

Control/Data 

C/D 

Input 

1 

Interrupt Acknowledge 

IACK 

Input 

1 

Enable In 

El 

Input 

1 

Enable Out 

EO 

Output 

1 

Group Interrupt 

GINT 

Output 

1 

Pause 

PAUSE 

Output 

1 


Figure 3. Am9519 Interface Signal Summary. 
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Chip Select (CS) 

The Chip Select input is an active low signal used to condition 
the chip for read and write operations on the_data bus; 
Read/Write transfers will not take place unless the CS input is 
low. Chip Select does not condition Interrupt Acknowledge 
operations. Chip Select is usually derived by decoding an ad¬ 
dress output by the host processor; the negative-true polarity 
matches outputs from typical decoder circuits. 

Read (RD) 

The Read input is an active low signal conditioned by Chip 
Select that indicates information is to be transferred from the 
Am9519 to the data bus. Read is usually a timed pulse issued 
by the host processor. 

Write (WR) 

The Write input is an active low signal conditioned by Chip 
Select that indicates information is to be transferred from the 
data bus to the Am9519. Write is usually a timed pulse issued 
by the host processor. 

Control/Data (C/D) 

The Control/Data input acts as the port address line and is 
used to select source and destination locations for read and 
write transfers. Data transfers (C/D=0) are made to or from 
preselected internal memory or register locations. Control 
transfers (C/D=1) write into the command register or read 
from the status register. 

Interrupt Request (IREQ) 

The eight Interrupt Request inputs are used by external de¬ 
vices to indicate that service is desired. The Interrupt Request 
Register associated with the inputs uses asynchronous 
pulse-catching circuitry to latch any active requests that occur. 
The input polarity may be programmed to capture either 
positive-going or negative-going transitions. Reset selects the 
active low option. 

Response In Process (RIP) 

The Response In Process signal is a bidirectional line de¬ 
signed to be used whe n two or more Am9519 circuits are 
connected together. RIP is used to prevent new higher priority 
interrupts from interfering with an Interrupt Acknowledge pro¬ 
cess that is underway. An Am9519 that is responding to a 
selected interrupt will treat RIP as an output and will hold the 
signal low until the acknowledge response is complete. An 
Am9519 without a selected interrupt will trea t RIP as an i nput 
and will ignore IACK pulses as long as RIP is low. The RIP 
lines from multiple Am9519 circuits may be wired directly 
together. RIP is an open drain signal, and requires an external 
pullup resistor to VCC in order to establish the logic high level. 

Group Interrupt (GINT) 

When active, the Group Interrupt output indicates that at least 
one bit is set in the Interrupt Request Register (IRR) which is 
not masked by the Interrupt Mask Register or the Interrupt 
Service Register. GINT is used to notify the host processor 
that service is desired. It may be programmed for either active 
high or active low polarity in order to simplify the interface 
with the host circuitry. Reset selects active low. When active 
high is selected the output is a standard two-state buffer 
configuration. When active low is selected the output is open 
drain and requires an external pullup resistor to VCC in order 
to establish the logic high level. The open drain configuration 
is useful for wired-or connections in systems with more than 
one Am9519. 


Interrupt Acknowledge (IACK) 

The Interrupt Acknowledge input is an active low signal gen¬ 
erated by the host processor and used to request interrupt re¬ 
sponse information. One response byte will be transferred by 
the Am9519 for each IACK pulse received and up to four 
bytes may be transferred during each interrupt acknowledge 
sequence. The first IACK pulse following a GINT output also 
initiates the internal selection of the highest priority unmasked 
interrupt. 

Many processors provide interrupt acknowledge signals di¬ 
rectly, including the 8085, the 8080A and the 2650. For 
others, such as the Z80 and the 6800, it can be generated 
quite easily with simple gating. 

Pause 

The Pause output is an active low signal used during IACK 
cycles to indicate that the Am9519 has not complete d the 
data bus transfer operation presently underway. The IACK 
pulse should be extended by the host processor at le ast until 
the PAUSE output goes high. The width of active PAUSE 
pulses is a function of several variables; it will be quite short 
in some systems and longer in others. PAUSE is an open 
drain output and requires an exte rnal pullup resistor to estab¬ 
lish the high logic level. PAUSE signals should be wired to¬ 
gether in multiple chip interrupt systems. 

Enable In (El) 

The Enable In input is an active high signal used to imple¬ 
ment a “daisy-chain” expansion capability with other Am9519 
chips. El may also be used as a hardware disab le/enable 
input for the interrupt system. When El is low, IACK inputs to 
the chip are ignored. Internally, a relatively high impedance 
resistor is connected between El and VCC so that an unused 
El requires no external pullup resistor. 

Enable Out (EO) 

The Enable Out output is an active high signal used to im¬ 
plement a “daisy-chain" exp ansion capability with other 
Am9519 chips. When the IACK input goes low, EO goes low 
until El goes high and the chip determines that no unmasked 
request is pending. EO is a two-state output with relatively 
modest drive capability. 

Interface Considerations 

All of the input and output signals for the Am9519 are 
specified with logic levels identical to those of standard TTL 
circuits. The worst-case input logic levels are 2.0V high and 
0.8V low. Except for the open drain signals, the worst-case 
output logic levels are 2.4V high and 0.4V low. Thus, for TTL 
interfacing, the normal worst-case noise immunity of at least 
400mV is maintained. The logic level specifications take into 
account all combinations of the three variables that affect the 
logic level threshold: ambient temperature, supply voltage 
and processing parameters. A change in any of these toward 
nominal values will improve the actual operating margins. 

The PAUSE and R\P outputs are open drain with no active 
pullup transistors; their output high levels are established by 
the external circuitry . The GINT output, when programmed for 
active low polarity (GINT), is also an open drain output that 
does not control its output high level. 

All of the output buffers except EO and the open drain outputs 
can source at least 200/xA worst-case and can sink at least 
3.2mA worst-case while maintaining TTL output logic levels. 
EO normally only drives El of another Am9519 chip and is 
specified with less drive capability in order to improve the 
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priority resolution speed in multi-chip interrupt systems. The 
open drain outputs all sink at least 3.2mA as the other outputs 
do. Current sourcing for the open drain outputs is determined 
by the external circuitry. Figure 5 summarizes the types of 
outputs on the Am9519. 



Signal 

Data Bus (DB0-DB7) 
Response In Process (RIP) 
Pause 

Group Interrupt (GINT) 
Enable Out (EO) 


MOS-020 

Output Description 

Bidirectional, Three-State 
Bidirectional, Open-drain 
Open-drain 

f Two-State when active high 
\ Open-Drain when active low 

Two-state, low drive 


Figure 5. Am9519 Output Buffer Summary and Circuitry. 


Unprotected open gate inputs of high quality MOS transistors 
exhibit very high resistances on the order of 10 14 ohms. It is 
easy in many circumstances for charge to enter the gate node 
of such an input faster than it can be discharged and con¬ 
sequently for the gate voltage to rise high enough to break 
down the oxides and destroy the transistor. All inputs to the 
Am9519 include protection networks to help prevent dam¬ 
aging accumulations of static charge. The protection circuitry 
is designed to slow the transitions of incoming current surges 
and to provide low impedance discharge paths for voltages 
beyond the normal operating levels. Please note, however, 
that input energy levels can nonetheless be too high to be 
successfully absorbed. Conventional design, storage, and 
handling precautions should be observed so that the protec¬ 
tion networks themselves are not overstressed. 


Within the limits of normal operation, the input protection cir¬ 
cuitry is inactive and may be modeled as a lumped series RC 
as shown in Figure 6. The functionally active input connection 
during normal operation is the gate of an MOS transistor. Ex¬ 
cept for El, no active sources or drains are connected to the 
inputs so that neither transient nor steady-state currents are 
impressed on the driving signals by the Am9519 other than 
the charging or discharging of the input capacitance and the 
accumulated leakage associated with the protection network 
and the input circuit. Lumped input capacitances are usually 
around 6pF and leakage currents are usually less than 1/xA. 



Fanout from the driving circuitry into the Am9519 inputs will 
generally be limited by transition time considerations rather 
than DC current limitations when the loading is dominated by 
MOS circuits like the Am9519. In an operating environment, 
all inputs should be terminated so they do not float and ac¬ 
cumulate stray static charges. Unused inputs should be tied 
directly to Ground or to VCC, as appropriate. An input in use 
will have some type of logic output driving it and termination 
during operation will not be a problem. Where inputs are driv¬ 
en from logic external to the card containing this chip, how¬ 
ever, on-board termination should be provided to protect the 
chip when the board is unplugged and the input would other¬ 
wise float. A pull-up resistor or a simple inverter or gate will 
suffice. 

IREQ Timing 

The circuitry at the IREQ inputs is quite straightforward and is 
illustrated in Figure 7. Inverters 1 and 2 buffer the input and 
shift the logic voltages to the somewhat wider swing used in¬ 
ternally. The exclusive-or gate is used to select the sense of 
the active transition edge that will set the IRR. Mode register 
bit M4 is used directly for control of the exclusive-or gate. The 
selected interface edge will always produce a negative going 
transition at output 3. Inverters 4, 5, 6, 7 and 8 form a delay 
chain. Nor gate 9 has three inputs and the IRR bit will be set 
when all three inputs to 9 are low. As shown in the timing 
diagram of Figure 8, the input to gate 9 from inverter 8 is 
normally low when there is no active IREQ signal at the inter¬ 
face. When a transition occurs, the output of gate 3 will go 
low and only the signal from inverter 5 prevents the im¬ 
mediate setting of the IRR bit. As shown in the left portion of 
the timing diagram, if the output from 3 has returned high be¬ 
fore the output from 5 goes low, the IREQ transition will be 
ignored arid the IRR bit will not be set. On the other hand, the 
right side of the timing diagram shows that if the active IREQ 
input is present long enough, then the output from both 3 and 
5 will become low at the same time, and output 9 will go high. 
Output 8 is used to turn off Nor gate 9 after the IRR bit is set. 
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In summary, the input circuitry for the IREQ signals provides 
these characteristics: 

1. Polarity for IREQ inputs is controlled; 

2. Narrow IREQ pulses are ignored; 

3. Wide IREQ pulses are captured; 

4. Transitions to active levels are captured just once; 

5. New transitions are required to generate new interrupts. 

The IRR thus acts in a “pulse-catching” mode with respect to 
the IREQ inputs. Figure 9 shows the types of IREQ 
waveforms that will be recognized and latched by the IRR. 
Note that a transition to a level may be used although only a 
pulse is required; it is not necessary to maintain an IREQ 
input active level. Further, a continuously active level on IREQ 
will not cause a new interrupt each time IRR is cleared. There 
must be a new active transition on IREQ after IRR is cleared 
in order to generate a new interrupt. An active level must go 
inactive for a specific interval before its new active edge will 
be recognized. 

To minimize noise sensitivity, all active IREQ pulses narrower 
than a specific value will be ignored by the IRR. To maintain 
the pulse-catching characteristics, all active IREQ pulses 
wider than the specified data sheet minimum will be captured 
by the IRR. The results for intermediate pulse widths will de¬ 
pend on characteristics of the particular part being used and 
its operating conditions, especially temperature. 

Power Supply 

The Am9519 requires only a single +5V power supply. The 
commercial temperature range parts have a voltage tolerance 
of ±5%; the military temperature range tolerance is ±10%. 
Maximum supply currents are specified in the data sheet at 
the high end of the voltage tolerance and the low end of the 
temperature range. In addition, the current specifications take 
into account the worst-case distribution of processing 
parameters that may be encountered during the manufac¬ 
turing life of the product. Typical supply current values, on the 
other hand, are specified for a nominal supply of +5.0 volts, 
nominal ambient temperature of 25°C, and nominal pro¬ 
cessing parameters. Supply current always decreases with 
increasing ambient temperature; thermal run-away is not a 
problem. 

Although supply current will vary from part to part, a given unit 
at a given operating temperature will exhibit a nearly constant 
power drain. There is no functional operating region that will 
cause more than a few percent change in the supply current. 
Decoupling of VCC, then, is straightforward and will generally 
be used simply to isolate the Am9519 from external VCC 
noise. 
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Figure 9. IREQ Waveforms. 
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OPERATING DESCRIPTION 
Reset 

The Am9519 does not include an external hardware reset in¬ 
put. The reset function is accomplished either by software 
command or automatically during power-up. The reset may be 
initiated by the host processor at any time simply by writing all 
zeros into the command port. Power-up reset circuitry is inter¬ 
nally triggered by the rising VCC voltage when a predeter¬ 
mined threshold is reached, generating a brief internal reset 
pulse. 

The response memory and byte count registers are not af¬ 
fected by resets. Their content after power-up are unpre¬ 
dictable and if they are to be used, they must first be ini¬ 
tialized by the host processor. A software reset does not dis¬ 
turb previous response memory and byte count contents. 

The Interrupt Mask register is set to all ones by a reset, thus 
disabling recognition of interrupts by the chip. The Status reg¬ 
ister continues to reflect the internal condition of the chip and 
is not otherwise directly affected by a reset. All other registers 
are cleared to all zeros by a reset. The polarities of the Mode 
register control bits are assigned to provide a reasonable 
operating option environment when cleared by a reset. 

Register Description 

The Am9519 uses several control and operation registers plus 
the response memory to perform and manage its many func¬ 
tions. Figure 10 lists these elements and summarizes their 
size and number. 


Description 

Abbreviation 

Bit 

Size 

Quantity 

Interrupt Request Register 

IRR 

8 

1 

Interrupt Service Register 

ISR 

8 

1 

Interrupt Mask Register 

IMR 

8 

1 

Auto Clear Register 

ACR 

8 

1 

Status Register 

- 

8 

1 

Mode Register 

- 

8 

1 

Command Register 

- 

8 

1 

Byte Count 

- 

2 

8 

Response Memory 


32 

8 


Figure 10. Am9519 Register and Memory Summary. 


Interrupt Request Register (IRR) 

The IRR is eight bits long and is used to recognize and store 
active transitions on the eight Interrupt Request input lines. A 
bit in the IRR is set whenever the corresponding IREQ input 
makes an inactive-to-active transition and meets the minimum 
active pulse width requirements. IRR bits may also be set by 
the host processor under program control using two types of 
commands. This capability allows software initiated interrupts, 
and is a significant tool for system testing and for sophis¬ 
ticated software designs. 

All IRR bits are cleared by a reset. Individual IRR bits are 
cleared automatically when their interrupts are acknowledged 
by the host processor. Four types of commands, in addition to 
reset, allow the host program to clear IRR bits. 

The IRR may be read onto the data bus by preselecting it in 
Mode register bits M5 and M6, followed by a read operation 
at the data port. 


Interrupt Service Register (ISR) 

The ISR is eight bits long and is used to stor e the acknowl¬ 
edge status of individual interrupts. When an IACK pulse ar¬ 
rives, the Am9519 selects the highest priority request that is 
pending, then clears the associated IRR bit and sets the as¬ 
sociated ISR bit. When the ISR bit is programmed for auto¬ 
matic clearing, it is reset by the internal hardware before the 
end of the acknowledge sequence. When the ISR bit is not 
programmed for automatic clearing, it must be reset by com¬ 
mand from the host processor. 

Internally, the Am9519 uses the ISR to erect a “masking 
fence". When an ISR bit is set and fixed priority mode is 
selected, only requests of higher priority will cause a new 
GINT output. Thus, requests from lower priority interrupts (and 
from new requests associated with the set ISR bit) will be 
fenced out and ignored until the ISR bit is cleared. In the 
rotating priority mode, all requests are fenced by an ISR bit 
that is set, and no new GINT outputs will be generated until 
the ISR is cleared. When auto clear is specified, no fence is 
erected since the ISR bit is cleared. 

If an unmasked interrupt arrives from a device of higher prior¬ 
ity than the current ISR, GINT will go true and the host pro¬ 
cessor will be interrupted if its interrupt input is enabled. 
When the new interrupt is acknowledged, the associated 
higher priority ISR bit is set and the fence moves up to the 
new level. When the new ISR bit is cleared, the fence will 
then fall back to the previous ISR level. 

The ISR may be read onto the data bus by preselecting it in 
Mode register bits M5 and M6, followed by a read operation 
at the data port. 

Interrupt Mask Register (IMR) 

The IMR is eight bits long and is used to enable/disable the 
processing of individual interrupts. Only unmasked IRR bits 
can cause a Group Interrupt to be generated. The IMR does 
not otherwise affect the operation of the IRR. An IRR bit that 
is set while masked will cause a GINT when its IMR bit is 
cleared. 

All eight IMR bits may be set, cleared, read or loaded in paral¬ 
lel by the host processor. In addition, individual IMR bits may 
be set or cleared by command. This allows a control routine 
to directly enable and disable an individual interrupt without 
disturbing the other mask bits and without knowledge of their 
state or the system context. 

The IMR polarity is active high for masking; a zero enables 
the interrupt and a one disables it. The power-on reset and 
the software reset cause all IMR bits to be set, thus disabling 
all requests. 

Auto Clear Register (ACR) 

The ACR is eight bits long and specifies the automatic clear¬ 
ing option for each of the ISR bits. When an auto clear bit is 
set, the corresponding ISR bit that has been set in an IACK 
cycle is cleared by the internal hardware before the end of the 
IACK sequence. When an auto clear bit is not set, the corre¬ 
sponding ISR bit that has been set in an IACK cycle is 
cleared by command from the host processor. 

The auto clear option, when selected, provides two concomi¬ 
tant functional effects. First, it eliminates the need for the as¬ 
sociated interrupt service routine to issue a command to clear 
the ISR bit. Secondly, it eliminates the masking fence that 
would otherwise have been erected, allowing lower priority in¬ 
terrupts to cause a new GINT output. 
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The ACR is loaded in parallel from the data bus by issuing 
the ACR load preselect command followed by a write into the 
data port. The ACR may be read onto the data bus by pre¬ 
selecting it in Mode register bits M5 and M6, followed by a 
read operation at the data port. 

Status Register 

The Status Register is eight bits long and contains information 
describing the internal state of the Am9519 chip. The Status 
register is read directly by executing a read operation at the 
control port. Figure 11 shows the Status bit assignments. 



The high order status bit, S7, reflects the information state of 
the Group Interrupt signal. Note that the polarity definition of 
S7 is independent of the defined polarity of GINT (Mode bit 
M3). Bit S7 remains valid when GINT is disabled by the polled 
mode option, thus permitting the host processor to check for 
“interrupts” by reading the Status register. 

Status bit S6 reflects the state of the Enable In input signal 
and is used to indicate, in a multiple chip interrupt structure, 
which chips in the chain are disabled. When S6 is high, the 
chip can generate a GINT output and operation of its EO sig¬ 
nal proceeds. When S6 is low, no GINT will be generated and 
EO will be forced low. 

Status bit S5 reflects the state of the Priority Mode option, as 
specified by bit MO of the Mode register. When S5 is high, 
rotating priority has been selected. When S5 is low, fixed 
priority has been selected. 

Status bit S4 reflects the state of the Interrupt Mode option, 
as specified by bit M2 of the Mode register. When S4 is high, 
the polled mode has been selected and GINT disabled. When 
S4 is low, the interrupt mode has been selected. 

Status bit S3 reflects the state of the Master Mask bit as 
specified by bit M7 of the Mode register. When S3 is low, the 
chip has been disarmed and IRR bits that are set will not 
generate GINT outputs. When S3 is high, the chip has been 
armed and interrupts can occur. 


Status bits S2, SI and SO form a three bit field indicating the 
encoded binary number of the highest priority unmasked bit 
that is set in the IRR. This field should be considered invalid 
except when bit S7 of the Status register is low, indicating 
that at least one unmasked interrupt request is present. The 
binary coding of the field corresponds to the zero through 
seven numbering of the IREQ inputs. When more than one 
unmasked IRR bit is set, the S2, SI, SO field will indicate the 
one unfenced request that is the highest priority as deter¬ 
mined by the priority mode being used. Thus, the number of 
the dominant interrupt after all masking, fencing and priority 
resolution, is encoded into the Status register. This field is quite 
useful in the polled mode since it can act as a psuedo-vector for 
the host processor software. 

Command Register 

The Command Register is eight bits long and is used to store 
the most recently entered command. It is loaded directly from 
the data bus by executing a write operation at the control port. 
Depending on the specific command opcode that is entered, 
an immediate internal activity may be initiated or the part may 
be preconditioned for subsequent data bus transfers. The 
“Command Description” section of this note explains each 
command operation. The commands are summarized in 
Figure 17. 

Mode Register 

The Mode register is eight bits long and controls the operating 
modes and options of the Am9519. Figure 12 shows the bit 
assignments for the Mode register. No single command or in¬ 
terface operation will load all bits of the Mode register in paral¬ 
lel. The five low order bits (MO through M4) are loaded in 
parallel directly from the command register. Mode bits M5, 
M6, and M7 are controlled by separate commands. The Mode 
register cannot be read out on the data bus. The data in 
Mode bits MO, M2, and M7 are available as part of the Status 
register. The Mode register is cleared by a software reset or a 
power-up reset. The “Operating Options” section of this note 
describes the detailed functions associated with each Mode 
bit. 



MOS-026 


Priority Mode 
0 Fixed 
1 Rotating 

Vector Selection 

0 Individual vector 
1 Common vector 

Interrupt Mode 
0 Interrupt 
1 Polled 

GINT Polarity 
0 Active low 
1 Active high 

IREQ Polarity 
0 Active low 

I Active high 

Register Preselection 

00 Interrupt service register 
01 Interrupt mask register 
10 Interrupt request register 

II Auto clear register 

Master Mask Bit 
0 Chip disarmed 
1 Chip armed 


Figure 12. Mode Register Bit Assignments. 
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Information Transfers 

Figure 13 summarizes the control signal configurations for all 
information transfers on the Am9519 data bus. The interface 
control logic assumes the following conventions: 

1. TO and WR are never active at the same time. 

2. TO, WR and C/D are ignored unless CS is low. 

3. JACK will not go low when the chip is being selected by 
the host. 


Control Input 

Data Bus 

CS 

C/D 

RD 

WR 

IACK 

Operation 

0 

0 

0 

1 

1 

Transfer contents of data register speci¬ 
fied by Mode bits M5, M6 to data bus. 

0 

0 

1 

0 

1 

Transfer contents of data bus to data reg¬ 
ister specified by Command register. 

0 

1 

0 

1 

1 

Transfer contents of Status register to 
data bus. 

0 

1 

1 

0 

1 

Transfer contents of data bus to Com¬ 
mand register. 

1 

X 

X 

X 

0 

Transfer contents of selected response 
memory location to data bus. 

1 

X 

X 

X 

1 

No information transferred; data bus 
outputs off. 


Figure 13. Summary of Data Bus Transfers. 


When IACK is low, internal logic disables the CS input. This 
prevents signals on the address bus from inadvertently se¬ 
lecting the chip. 

The host processor may read the Status register directly by 
simply performing a read operation with the control port 
selected. When a read is executed at the data port, the infor¬ 
mation transferred will be the contents of the ISR, IMR, IRR 
or ACR, depending on the state of Mode register bits M5 and 
M6. 

The host processor may write directly into the command regis¬ 
ter by simply performing a write operation with the control port 
selected. When a write is executed into the data port, the con¬ 
tents of the data bus will be transferred to the ACR, IMR or 
response memory, depending on which command preceded 
the data write. Note that Mode bits M5 and M6 do not pre¬ 
select the location for data write operations; only a command 
can do so. 

When the response memory preselect command is issued, it 
should be followed by an appropriate number of data write 
operations to load 1, 2, 3, or 4 bytes of response information. 
If more than four bytes are written, the response memory ad¬ 
dressing will "wrap around" and overwrite the information al¬ 
ready entere d. Response bytes are output by the Am9519 
during IACK operations in the same order they were entered. 
Entry of response information into each new level must be 
preceded by a new response memory preselect command. 

Interrupt Acknowledge operations are initiated by the host 
processor and occur following recognition of a GINT signal 
from the Am9519. When an IACK signal arrives, the interrupt 
system selects the highest priority unmasked pending inter¬ 
rupt request and then outputs a response byte associated 
with the selected interrupt. The selection process and the ac¬ 
cess of the response byte will take a variable amount of time 
that depends on several parameters, including: 


1. the operating temperature, 

2. the actual internal logic delays, 

3. the number of Am9519 chips cascaded together, 

4. the priority level of the interrupt being acknowledged, 

5. the Mode register operating options, 

6. the byte position within the response sequence. 

The worst-case IACK pulse widths must be long enough to 
accomodate the accumulated delays that can occur in large 
interrupt systems operating in worst-case situations. Yet small 
systems operating under typical conditions will require only 
relatively narrow IACK pulses. The PAUSE output from the 
Am9519 is designed to pr ovide interactive feedback to the 
host processor so that the IACK pulse width may be adap¬ 
tively adjusted to meet the requirements of the actual interrupt 
being processed. PAUSE will go low fairly quickly following 
the falling edge of IACK, and will return high when IACK is no 
longer required. 

During the first IACK of a complete acknowledge sequence, 
the PAUSE output remains low unti l the highest priority inter¬ 
rupt has been selected and the RIP output goes low. On sub¬ 
sequent IACK pulses for additional response s bytes as¬ 
sociated with the same interrupt (RIP still low), PAUSE will 
remain high. The Am9519 e xpects t he first IACK input to re¬ 
main low at least until the PAUSE output goes high. Sub¬ 
sequent IACK inputs should meet the specified input pulse 
width requirements as called out in the data sheet. 

It will normally be convenient for the PAUSE signal to provide 
a "not ready" indication to the host processor whic h would 
then stall the Interrupt Acknowledge operation until PAUSE 
goes high. In 8080A/9080A microprocessor systems, PAUSE 
can be used directly in the CPU Ready logic and many other 
processor systems have similar coordination schemes. 

Operating Options 

The Mode register bits are used to establish the operating 
modes and conditions for the many functional features of the 
Am9519. The Mode register allows the host processor to per¬ 
sonalize the interrupt system for the application at hand. 

Priority Selection 

Bit MO in the Mode register specifies the priority operating 
mode for the Am9519. When M0=0, fixed priority is selected 
and the eight IREQ inputs are assigned a priority based on 
their physical location at the chip interface. IREQO has the 
highest priority and IREQ7 has the lowest. See Figure 14. 
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Priority is not resolved until the host processor initiates the in¬ 
terrupt acknowledge sequence. Thus, for example, an IREQ5 
input may cause a GINT output to the host, but if an input on 
IREQ2 arrives before the falling edge of IACK, then it is 
IREQ2 that will be selected and serviced. Notice that inherent 
in the fixed priority structure is the possibility that IREQ5 
might never be selected and serviced as long as there are 
higher priority interrupts pending. IREQ2 could end up being 
serviced many times before IREQ5 is acknowledged. In many 
systems this is an appropriate method for handling the inter¬ 
rupting devices. Where circumstances permit, the masking 
capability of the Am9519 can be used by the host processor 
to modify the effective priority structure, perhaps by masking 
out recently serviced high priority devices, thus allowing lower 
priority inputs to be recognized. 

Alternatively, where the eight interrupts have similar priority 
and service bandwidth requirements, the rotating priority 
mode may be selected (Mode register bit M0=1). As shown in 
Figure 15 the relative priorities remain the same as in the 
fixed mode; that is, IREQ2 is higher than IREQ3 which is 
higher than IREQ4, etc. However, in rotating priority mode, 
the lowest priority position in the circular chain is assigned by 
the hardware to the most recently serviced interrupt. 



The example illustrated in Figure 15 assumes that IREQ5 has 
just finished being serviced and has therefore been assigned 
the lowest priority. Thus, IREQ6 occupies the new highest 
priority position, IREQ7 next-to-highest, etc. If two new inter¬ 
rupts then arrive at level 1 and level 4, IREQ1 will be selected 
and serviced, and will become the lowest priority. IREQ4 will 
then be acknowledged unless an active input on IREQ2 or 
IREQ3 has arrived in the meantime. 

This rotating priority scheme prevents any request from 
dominating the system. It assures that an input will not have 
to wait for more than seven other service cycles before being 
acknowledged. Rotation occurs when the ISR bit of the pre¬ 
sently selected interrupt is cleared. 

In the rotating priority mode, inputs other than the one cur¬ 
rently being serviced are fenced out and will not cause inter¬ 
rupts until the ISR bit is cleared. Thus, only one bit at a time 
will be set in the ISR. Care should be used when selecting 
the rotating mode to keep from doing so at a time when more 
than one ISR is set. 


Vectoring 

Bit Ml of the Mode register specifies the vectoring option. 
When M1=0 the individual vector mode is selected and each 
interrupt is associated with its own unique four-byte location in 
the response memory. When M1=1, on the other hand, the 
common vector mode is selected and all response information 
is supplied from the location associated with IREQO, no mat¬ 
ter which request is being acknowledged. This operating op¬ 
tion will be useful in situations where several similar devices 
share a common service routine and direct individual device 
identification is not important. This may be true simply be¬ 
cause of the nature of the peripheral/system interaction, or it 
may be a transient system condition that only uses the com¬ 
mon vector option temporarily, perhaps to save the overhead 
involved in filling the response memory twice. 

Polled Mode 

Bit 2 of the Mode register allows the system to disable the 
GINT output. When M2=0 the interrupt mode is selected with 
the GINT output enabled. This might be considered the “nor¬ 
mal” interrupt mode and makes full use of the interrupt control 
and management capabilities of the Am9519. When M2=1 
the polled mode is selected which prevents the GINT output 
from going true by forcing it to its inactive state. In this condi¬ 
tion, since no interrupts are su pplied to the host processor, 
there will usually not be any IACK pulses returned to the 
Am9519. Consequently, ISR bits are not set, fences are not 
erected and IRR bits will not be automatically cleared. In the 
polled mode the host processor may read the Status register 
to determine if a request is pending and which request has 
the highest priority. IRR bits may be cleared by the host 
software. When the polled option is selected, the El input is 
connected directly to the EO output thus functionally removing 
the polled chip from the external priority hierarchy. 

Effectively, the polled mode of operation bypasses the hardware 
interrupt, inter-chip.priority resolution, vectoring and fencing func¬ 
tions of the Am9519. What remains is the request latching, mask¬ 
ing and intra-chip priority resolution. 

GINT Polarity 

Bit 3 of the Mode register specifies the sense of the GINT 
output . When M3=0, Group Interrupt is selected as active low 
(GINT) and becomes an open drain output. This allows simple 
wired-or connections to other similar Am9519 outputs as well 
as to other sources of interrupts, and matches the polarity re¬ 
quired by many processors. When M3=1, Group Interrupt is 
selected as active high (GINT) and becomes a two-state 
push-pull output, simplifying the interface to processors with 
active high interrupt inputs. 

IREQ Polarity 

Bit 4 of the Mode register specifies the sense of the IREQ in¬ 
puts. When M4 =0 th e Interrupt Request signals are selected 
as active low (IREQ) and a negative-going transition is re¬ 
quired to set the IRR. When M4=1 the Interrupt Request sig¬ 
nals are selected as active high (IREQ) and a positive-going 
transition is required to set the IRR. This sense option helps 
simplify the interface to interrupting devices. 

Register Preselection 

Bits 5 and 6 of the Mode register specify the internal daia 
register that will be output by the^Am9519 on any read 
operation at the data port (CS=0, RD=0, C/D=0). These bits 
do not affect destinations for write operations. The four 
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registers available for reading are the IRR, ISR, IMR and 
ACR. Preselect coding for each register is shown in Figure 
12. The preselection remains in effect for all data read 
transfers until the contents of M5 and M6 are changed. 

The ability to examine these important operating registers, 
combined with the information available in the Status register, 
provides significant insight into the internal conditions of the 
Am9519. This allows the host processor not only enhanced 
dynamic operating flexibility, but also access to important 
diagnostic/testing/debugging information. 

Master Mask 

Bit 7 of the Mode register specifies the armed status of the 
Am9519 by way of the Master Mask control bit. When M7=0 
the chip is disarmed just as if all eight bits in the IMR had 
been set. That is, IREQ inputs will be accepted and latched 
but will not cause GINT outputs to the host. In addition, the 
EO output is brought low, disabling any lower priority chips 
that may be attached. When M7=1, the chip is armed and 
any active unmasked interrupt inputs will be able to cause 
GINT outputs to the host processor. 

The Master Mask capability permits the host system to disarm 
a chip and prevent processing of the interrupts without dis¬ 
turbing the contents of the IMR. Thus when the chip is re¬ 
armed, the old IMR conditions remain in effect and need not 
be reloaded. Note that a single command to the Master Mask 
bit of the highest priority interrupt chip is able to shut down 
the complete interrupt system, no matter how large. 

Mode Reset 

When a power-up or software reset occurs, the Mode register 
is cleared to all zeros. This means that after reset the fol¬ 
lowing Mode register operating options will be in effect: 

Fixed priority 
Individual vectoring 
Interrupt (non-polled) operation 
GINT active low sense 
IREQ active low sense 
ISR preselected for reading 
Chip disarmed by Master Mask 

Operating Sequence 

The management of interrupts by the Am9519 is illustrated 
below with a description of a fairly typical sequence of events. 
The Am9519 has already been initialized and enabled and is 
ready to run. The host processor has enabled its internal in¬ 
terrupt structure. 

1. One (or more) of the IREQ inputs becomes active indi¬ 
cating that service is desired. 


2. The requests are captured and latched in the IRR asyn¬ 
chronously. The latching action of the IRR cannot be dis¬ 
abled and active requests will always be stored unless a 
previous request at the same IRR bit has not been 
cleared. 

3. If the active IRR bit is masked by the corresponding bit in 
the IMR, no further action takes place. When the IRR bit is 
not masked, an active Group Interrupt output will be gen¬ 
erated if the Am9519 is not in its polled mode. 

4. The GINT output from the Am9519 is used by the host 
processor as an interrupt input. When GINT is recognized 
by the host, it normally will complete the execution of its 
current instruction and will then execute some form of in¬ 
terrupt acknowledge sequence instead of the next program 
instruction. As part of the acknowledge cycle, the proces¬ 
sor usually automatically disables its in terrup t input. The 
Am9519 expects to receive one or more IACK signals from 
the processor during the acknowledge sequence. 

5. When IACK is received, the Am9519 brings its PAUSE 
output low and begins selection of the highest priority un¬ 
masked active IRR bit. All inte rrupts that have become ac¬ 
tive before the falling edge of IACK are considered. When 
selection is complete, the RIP output is pulled low by the 
Am9519 and the contents of the first byte in the response 
memory associated with the selected request is accessed. 
PAUSE stays low until RIP goes low. RIP stays low until 
the last byte of the response has been transferred. 

6. After PAUSE goes high, the host processor ac cepts the 
response byte on the data bus and brings the IACK line 
high. If another byte of response is required, another IACK 
pulse is output and is used by the Am9519 to access the 
next byte. 

7. In parallel with the transfer of the first response byte, the 
Am9519 automatically clears the selected IRR bit and au¬ 
tomatically sets the selected ISR bit. If the auto clear func¬ 
tion is not in force for the selected interrupt, the ISR bit will 
cause a masking fence to be erected and GINT will be 
disabled until a higher priority interrupt arrives or until the 
ISR bit is cleared. The interrupt service routine will usually 
clear the ISR bit, often near the end of the routine. 

8. If a higher priority request arrives while the current request 
is being serviced, and if the fixed priority mode is in effect, 
then GINT will be output again by the Am9519. The GINT 
signal will be recognized by the host processor only if the 
host has enabled its interrupt input. If this new request is 
acknowledged, the Am9519 will clear the corresponding 
IRR bit and set the corresponding ISR bit. 

9. When the host processor has completed all interrupt ser¬ 
vice activity to satisfy the interrupting devices, it will nor¬ 
mally clear the remaining ISR bit, if any, enable its internal 
interrupt system, if it has not already done so, and then re¬ 
turn to the main program. 
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COMMAND DESCRIPTIONS 


The Am9519 command set allows the host processor to cus¬ 
tomize and alter the interrupt operating modes and features 
for particular applications, to initialize and update the re¬ 
sponse locations, and to manipulate the internal controlling bit 
sets during interrupt servicing. Commands are entered from 
the data bus directly into the Command register by writing into 
the Am9519 control port (CS=0, WR=0, C/D=1). All the 
available commands are described below and are sum¬ 
marized in Figure 17. In the binary coding of the commands, 
“X” indicates a do-not-care bit position. 

RESET 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

0 

0 

0 

0 

0 

0 

0 


Description: The Reset command allows the host processor 
to establish a known internal condition. The response memory 
and byte count registers are not affected by the software re¬ 
set. The IMR is set to all ones. The ISR, IRR, ACR and Mode 
registers are cleared to all zeros. 

CLEAR IRR AND IMR 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

0 

0 

1 

0 

X 

X 

X 


Description: All bits in the IMR and all bits in the IRR are 
cleared at the same time. Thus all interrupts are enabled and 
the previous history of all IREQ transitions is forgotten. If 
GINT was active when the command was entered, it will go 
inactive. 

CLEAR SINGLE IMR AND IRR BIT 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

0 

0 

1 

1 

B2 

B1 

BO 


Description: The same single bit position is cleared in both 
the IMR and the IRR. Other bits are not changed. If the 
specified IRR bit was generating an active interrupt output, 
GINT may go inactive upon entry of the command. The bit 
position cleared is specified by the B2, B1, BO field as shown 
in Figure 16. 

CLEAR IMR 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

0 

1 

0 

0 

X 

X 

X 


Description: All bits in the IMR are cleared to zeros. All IRR 
bits will therefore be unmasked and any IRR bits that had 
been set will be able to cause an active GINT output after the 
command is entered. 


CLEAR SINGLE IMR BIT 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

0 

1 

0 

1 

B2 

B1 

BO 


Description: A single bit in the IMR is cleared. Other bits are 
not changed. If the corresponding bit in the IRR was set, it will 
be unmasked and will be able to cause an active GINT after 
entry of the command. The IMR bit cleared is specified by the 
B2, B1, BO field as shown in Figure 16. 


SET IMR 

Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

0 

1 

1 

0 

X 

X 

X 


Description: All bits in the IMR are set to ones. All IRR bits 
will therefore be masked and unable to generate an active 
GINT. If GINT had been active, it will go inactive after the 
command is entered. 


SET SINGLE IMR BIT 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

0 

1 

1 

1 

B2 

B1 

BO 


Description: A single bit in the IMR is set. Other bits are not 
changed. If the corresponding bit in the IRR was active and 
generating a GINT output, GINT will become inactive after the 
command is entered. The IMR bit set is specified by the B2, 
B1, BO field as shown in Figure 16. 


CLEAR IRR 

Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

1 

0 

0 

0 

X 

X 

X 


Description: All bits in the IRR are cleared to zeros. GINT will 
become inactive. New transitions on the IREQ inputs will be 
necessary to cause an interrupt. 


CLEAR SINGLE IRR BIT 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

1 

0 

0 

1 

B2 

B1 

BO 


Description: A single bit in the IRR is cleared to zero. It will 
not cause an active GINT until it is set. The IRR bit cleared is 
specified by the B2, B1, BO field as shown in Figure 16. 


SET IRR 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

1 

0 

1 

0 

X 

X 

X 


Description: All bits in the IRR are set to ones. Any that are 
unmasked will be able to cause an active GINT output. This 
command allows the host CPU to initiate eight interrupts in 
parallel. 


SET SINGLE IRR BIT 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

1 

0 

1 

1 

B2 

B1 

BO 


Description: A single bit in the IRR is set to a one. If it is un¬ 
masked it will be able to generate an active GINT. This com¬ 
mand allows the host processor to simulate with software the 
arrival of a hardware interrupt request. It also gives the 
software access to the hardware priority resolution, masking 
and control features of the Am9519. The bit set is specified by 
the B2, B1, BO field as shown in Figure 16. 
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CLEAR HIGHEST PRIORITY ISR BIT 


Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

1 

1 

0 

X 

X 

X 

X 


Description: A single bit in the ISR is cleared to zero. If only 
one bit was set, that is the one cleared. If more than one bit 
was set, this command clears the one with the highest pri¬ 
ority. This command is useful in software contexts where the 
service routine does not know which device is being serviced. 
It should be used with caution since the highest priority ISR 
bit may not really be the bit intended. When using the auto 
clear option on some interrupts and/or when a subroutine 
nesting hierarchy is not priority driven, the highest priority ISR 
bit may not correspond to the one being serviced. 


CLEAR ISR 

Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

1 

1 

1 

0 

X 

X 

X 


Description: All bits in the ISR are cleared to zeros. Mask 
fencing is eliminated. 


CLEAR SINGLE ISR BIT 

Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

0 

1 

1 

1 

1 

B2 

B1 

BO 


Description: A single bit in the ISR is cleared to zero. If the 
bit was already cleared, no effective operation takes place. 
The bit cleared is specified by the B2, B1, BO field as shown 
in Figure 16. This will be the most useful command for service 
routines to use in managing the ISR without the help of the 
auto-clear option. 


LOAD MODE BITS MO THROUGH M4 

Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

1 

0 

0 

M4 

M3 

M2 

Ml 

MO 


Description: The five low order bits of the Command register 
are transferred into the five low order bits of the Mode regis¬ 
ter. This command controls all of the Mode options except the 
master mask and the register preselection. 


CONTROL MODE BITS M5, M6, M7 

Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

1 

0 

1 

0 

M6 

M5 

N1 

NO 


Description: The M6, M5 field in the command is loaded into 
the M6, M5 locations in the Mode register. This field controls 
the register preselection bits in the Mode register. The N1, NO 
field in the command controls Mode bit M7 (Master Mask) and 
is decoded as follows: 


N1 

0 

0 

1 

1 


NO 

0 

1 

0 

1 


No change to M7 
Set M7 
Clear M7 
(Illegal) 


Thus, this command may be considered as three distinct 
commands, depending on the coding of N1 and NO: 

1. Load M5, M6 only 

2. Load M5, M6 and set M7 

3. Load M5, M6 and clear M7 

The Command Summary in Figure 17 lists all three versions. 

PRESELECT IMR FOR WRITING 


Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

1 

0 

1 

1 

X 

X 

X 

X 


Description: The IMR is targeted to be loaded from the data 
bus when the next write operation occurs at the data port. All 
subsequent data write operations will also load the IMR until a 
different command is entered. Read operations may be suc¬ 
cessfully inserted between the entry of this command and the 
subsequent writing of data into the IMR. The Mode register is 
not affected by this command. 

PRESELECT ACR FOR WRITING 


Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

1 

1 

0 

0 

X 

X 

X 

X 


Description: The ACR is targeted to be loaded from the data 
bus when the next write operation occurs at the data port. All 
subsequent data write operations will also load the ACR until 
a different command is entered. Read operations may be 
successfully inserted between the entry of this command and 
the subsequent writing of data into the ACR. The Mode regis¬ 
ter is not affected by this command. 


PRESELECT RESPONSE MEMORY FOR WRITING 

Coding: 


C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

1 

1 

1 

BY1 

BYO 

L2 

LI 

LO 


Description: One level in the response memory is targeted for 
loading from the data bus by subsequent data write opera¬ 
tions. The byte count register for that level is loaded from the 
BY1, BYO field in the command. The L2, LI, LO field specifies 
which of the eight response levels is being selected. This 
command should be followed by one to four data write opera¬ 
tions to load response bytes. Field coding: 


BY1 

BYO 

Count 

0 

0 

1 

0 

1 

2 

1 

0 

3 

1 

1 

4 


L2 

LI 

LO 

Level 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

2 

0 

1 

1 

3 

1 

0 

0 

4 

1 

0 

1 

5 

1 

1 

0 

6 

1 

1 

1 

7 


The byte count value does not control the number of bytes 
entered into the response memory. It does control the number 
of bytes read from the memory by IACK pulses. Response 
bytes are output by the Am9519 in the same order they were 
entered. 
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Bit 

B2 

B1 

BO 

Specified 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

2 

0 

1 

1 

3 

1 

0 

0 

4 

1 

0 

1 

5 

1 

1 

0 

6 

1 

1 

1 

7 


Figure 16. Coding of B2, B1, BO Field of Commands. 


COMMAND CODE 

COMMAND 

7 

6 

5 

4 

3 

2 

1 

0 

DESCRIPTION 

0 

0 

0 

0 

0 

0 

0 

0 

Reset 

0 

0 

0 

1 

0 

X 

X 

X 

Clear all IRR and all IMR bits 

0 

0 

0 

1 

1 

B2 

B1 

BO 

Clear IRR and IMR bit specified by B2, B1, BO 

0 

0 

1 

0 

0 

X 

X 

X 

Clear all IMR bits 

0 

0 

1 

0 

1 

B2 

B1 

BO 

Clear IMR bit specified by B2, B1, BO 

0 

0 

1 

1 

0 

X 

X 

X 

Set all IMR bits 

0 

0 

1 

1 

1 

B2 

B1 

BO 

Set IMR bit specified by B2, B1, BO 

0 

1 

0 

0 

0 

X 

X 

X 

Clear all IRR bits 

0 

1 

0 

0 

1 

B2 

B1 

BO 

Clear IRR bit specified by B2, B1, BO 

0 

1 

0 

1 

0 

X 

X 

X 

Set all IRR bits 

0 

1 

0 

1 

1 

B2 

B1 

BO 

Set IRR bit specified by B2, B1 f BO 

0 

1 

1 

0 

X 

X 

X 

X 

Clear highest priority ISR bit 

0 

1 

1 

1 

0 

X 

X 

X 

Clear all ISR bits 

0 

1 

1 

1 

1 

B2 

B1 

BO 

Clear ISR bit specified by B2, B1, BO 

1 

0 

0 

M4 

M3 

M2 

Ml 

MO 

Load Mode register bits 0-4 with specified pattern 

1 

0 

1 

0 

M6 

M5 

0 

0 

Load Mode register bits 5, 6 with specified pattern 

1 

0 

1 

0 

M6 

M5 

0 

1 

Load Mode register bits 5, 6 and set Mode bit 7 

1 

0 

1 

0 

M6 

M5 

1 

0 

Load Mode register bits 5, 6 and clear Mode bit 7 

1 

0 

1 

1 

X 

X 

X 

X 

Preselect IMR for subsequent loading from data 
bus 

1 

1 

0 

0 

X 

X 

X 

X 

Preselect ACR for subsequent 
loading from data bus 

1 

1 

1 

BY1 

BYO 

L2 

LI 

LO 

Load BY1, BYO into byte count register and 
preselect response memory level specified by L2, 

LI, LO for subsequent loading from data bus 


Figure 17. Am9519 Command Summary. 
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SYSTEM INTERFACE 
Expansion 

Several Am9519 chips may be cascaded to expand the 
number of interrupts than can be handled by the system. A 
two-chip configuration is shown connected to an 8080A/9080A 
microprocessor in Figure 18. In general, expansion past a 
single Am9519 will require simply an added Chip Select signal 
for each extra chip, and perhaps an inverter for the GIN T sig¬ 
nal if th e pro cess or interrupt input is active-high. The GINT, 
PAUSE, and RIP signals are all designed to be wire-OR’ed in 
expanded systems. 

Priority management in expanded systems is controlled by the 
Enable In, Enable Out and Response In Process signals. Fig¬ 
ure 19 shows the basic interconnections for an example inter¬ 
rupt system that can acce pt up to 40 interrupts, using five 
Am9519 chips. Notic e that IACK is wired in parallel to all five 
circuits, and that the GINT, RIP, and PAUSE lines are respec¬ 
tively tied together. The three pullup resistors are used to es¬ 
tablish the high logic levels for the open-drain outputs. Enable 
In of the first chip (A) is allowed to float, or may be tied high. 
Each Enable Out signal is connected to the next lower level 
Enable In input. Each chip accepts eight IREQ inputs; for pur¬ 
poses of this example it is assumed that an active interrupt 
arrives at chip D in the chain. 

Figure 20 shows the timing relationships for th e configuration 
of Figure 19. When the IREQ arrives, a GINT output is gen¬ 
erated by chip D and is us ed to interrupt the host processor. 
When the host returns an IAC K pulse, all the EO lines are 
brought lo w in p arallel. PAUSE also goes low, and is used to 
extend the IACK pulse. 


After the fall of IACK, all chips wait until a brief internal delay 
elapses and then examine El. If El is low, internal activity is 
suspended until El goes high. If El is high, then the internal 
circuitry is checked to see if an un masked request is pending. 
If so, RIP is brought low, PAUSE is brought high, EO is kept 
low, and the first response byte is output on the data bus. In 
this example, there is no request in chip A and therefore the 
EO(A) line is brought high. This then allows chip B to see if it 
has an unmasked request waiting for service. If not, EO(B) 
goes high also and, with no interrupts at C, EO(C) goes high, 
driving EI(D) high. Since chip D finds a wa iting request, it 
does not bring EO(D) high bu t it does bring RIP low. When 
RIP goes low it allows all the PAU SE ou tputs to switch high 
which permits the termination of the IACK pulse. 

It can be seen, then, that the PAUSE output will automatically 
adjust the position of its rising edge to accommodate the 
exact func tional and operational conditions that occur for each 
particular IACK cycle. For larger systems, like that in Figure 
19, operating at high temperatures with slow versions of the 
Am9519 and ser vicing lo w priority interrupts, the processor 
delay caused by PAUSE may be quite long and a fe w pro¬ 
cessor wait cycles may be required to extend the IACK pulse. 
On the other hand, when a system like Figure 18 is running at 
typical room temperatures with typ ical parts and the interrupt 
is a high priority one, the PAUSE output width will be quite 
narrow and no wait cycles will be necessary. 

The RIP output serves two basic functions within the interrupt 
system. First, its falling edge informs the other connected 
chips that an interrupt request has been selected and PAUSE 
may, therefore, be released. Secondly, as long as RIP is low, 
only the single chip that is pulling RIP down is allowed to re¬ 
spond to IACK inputs. RIP stays low until all response bytes 
for the selected interrupt have been transferred. 



MOS-02^ 


Figure 18. 16 Interrupt Configuration with 8080A/9080A. 
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Figure 19. Five-Chip Expansion Example. 


Figure 20. Inter-Chip Priority Resolution. 


Assume that a new interrupt arrives at chip B in Figure 19 
during the time that the first byte of a multibyte response for 
the interrupt at chip D is being transferred. With out th e RIP 
signal there would be confusion when the second IACK pulse 
arrives. Both chips might try to send out response bytes since 
the interrupt at chip B is a higher priority, yet chip D is in the 
midst of a response sequenc e. W ith RIP present, however, no 
problem arises. Chip D pulls RIP low when it is selected and 
keeps RIP^ low until its response is co mplete . Chip B treats 
RIP as an input and will not respond to IACK until RIP goes 
high. 

Initialization and Support 

Before the Am9519 can perform useful work, it must be ini¬ 
tialized to customize it for a particular application and to load 
it with appropriate data values. During active operation, con¬ 
trol options may be changed and response data may be mod¬ 
ified. Because of the many ways it might be used, the 
Am9519 can be programmed using many different ap¬ 
proaches. The following sequence description shows only one 
of several possible methods for constructing a basic service 
routine: 

1. Disable processor interrupts. 

2. Execute software reset at Am9519. 

3. Transfer commands and response data from a control 
table into the Am9519. 

4. Transfer operating options into the Mode register. 

5. Transfer the operating Mask conditions into the IMR. 

6. Clear the IRR. 

7. Clear Master Mask. 

8. Enable processor interrupts. 

9. Return. 


Figure 21 shows an example listing for such a routine using 
8080A/9080A coding. Several assumptions are made about 
the hardware and software environment in which the routine 
will function: 

1. When the routine is entered, register pair H, L contains the 
address of the first location of a control table, and register 
B contains a count that indicates how many entries the 
table contains. 

2. One Am9519 is in the system. Its data port is decoded by 
the hardware as hex I/O address C2. Its control port is hex 
I/O address C3. 

3. Only the first five interrupts will be in use by the main pro¬ 
gram. The others will be used later to support other pro¬ 
cesses. 

4. Main program options: Fixed priority, Individual vectoring, 
Interrupt mode, GINT active high, IREQ active low, IRR 
selected for reading, Auto clear not used. 

The control table is an important part of the routine and con¬ 
tains command information as well as the response data it¬ 
self. The table consists of up to eight entries, each up to five 
bytes long, with all entries the same length. The first byte of 
each entry contains the response memory preselect command 
code with fields for the BY1, BYO byte count and the L2, LI, 
L0 level pointer. The next one to four bytes of each entry con¬ 
tain the data loaded into the response memory. In this exam¬ 
ple the table has entries of four bytes each and is illustrated 
in Figure 22. 

This type of table organization may contain extra bytes, but it 
compensates for this by allowing a brief, simple program to 
handle it. The table is fairly general and allows any length re¬ 
sponse to be programmed independently for each interrupt. It 
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IOC 

OBJ 

SIQ 


SOURCE STATEMENT 




0 

1 

> 

> 


<<. >;> # # >:< * 




2 

i 

* 


* 



2 

) 


EXAMPLE PROGRAM * 



4 

) 

j-T 

0” CONTROL AND INITIALIZATION * 



5 


* 

OF THE AM9519 * 



6 

) 

* UNIVERSAL INTERRUPT CONTROLLER * 



7 

i 



* 



8 

c 

10 

11 

12 

1 

>:< * 

>}f n< % % # 


2000 


) 

) 

CRG 

2000 K 




13 




» 

e0C2 


14 

CPORT 

EQU 

0C3F 

1 CONTROL PORT ADDRESS. 

00 C 2 


15 

EPORT 

EQU 

0C2h 

; EATA PORT ADDRESS. 

00E0 


ie 

IMASK 

EQU 

10110000E 

; LOAD MASK COMMAND. 

0010 


17 

MASK1 

EQU 

1 1100000B 

J MASK VALUE TO ENABLE THE FIRST 



18 




; FIVE INTERRUPTS. 

0088 


IS 

MOEE1 

EQU 

100-01000E 

; MODE COMMAND FOR NORMAL 



20 




5 OPERATION. (M0 - M4 ONLY) 

20A2 


21 

M0EE2 

EQU 

1010100IE 

I MOLE COMMAND TO CLEAR MASTER 



22 




f MASK AND PRESELECT IRR. 

0040 


22 

CHRP 

EQU 

01000000B 

,* CLEAR IRR COMMAND. 



24 




J 



25 




i 

2000 

F 2 

26 

ENTRY: 

El 


; DISAELE CPU INTERRUPTS 

2001 

2E00 

27 


MV I 

A ,000000001 

J GET SOFTWARE RESET COMMAND AND 

2002 

E2C2 

28 


OUT 

CPORT 

J SEND TO CONTROL PORT. 



29 




J 

2005 

7E 

20 

AAA : 

MOV 

A , M 

J GET CONTROL BYTE FROM TABLE & 

200c 

D3C2 

31 


OUT 

CPO~T 

J SEND TO CONTROL PORT. 

2008 

22 

22 


I NX 

h 

; INCREMENT TABLE POINTER. 

200S 

0E02 

33 


MV I 

C, 3 

J INITIALIZE VECTOR BYTE COUNT. 

2001 

7E: 

34 

EIE : 

MOV 

A,M 

J GET VECTOR EYTF AND 

2 00 C 

D2C2 

25 


CUT 

DPORT 

J SEND TC DATA PORT. 

200E 

22 

36 


I NX 

H 

; POINT TO NEXT TABLE BYTE. 

2001 

0E 

27 


ECR 

C 

J DECREMENT EYTE COUNT. 

2010 

C20B20 

38 


JNZ 

BEE 

; ENTRY DONE? NO:BACK TO BBB. 

2012 

05 

39 


ECR 

E 

J YES:DECREMENT ENTRY COUNTER. 

2014 

C20520 

40 


JNZ 

AAA 

J TABLE DONE? NO :BACK TO AAA. 



41 




t 

2017 

2E88 

42 


MV I 

A,MCE E1 

i YES: PROCEED WITH MODE BYTE. 

201S 

E2C2 

42 


OUT 

CPORT 

; SEND MODE TO CONTROL PORT. 

201E 

2EB0 

44 


MV I 

A , L MA S R 

f GET MASK LOAD COMMAND AND 

2 01E 

E2C2 

45 


OUT 

CPORT 

; SENE TO CONTROL PORT. 

2 011 

2EE0 

46 


MV I 

A,MAS K1 

1 GET OPERATING MASK AND 

2021 

E 2C2 

47 


CUT 

DPCRT 

; SENE TC DATA PORT. 

2022 

2E40 

48 


MVI 

A, CL IRR 

i GET CLEAR IRR COMMAND AND 

2025 

E2C2 

49 


OUT 

CPORT 

J SENE TO CONTROL PORT. 

2027 

2E.A9 

50 


MVI 

A,M0EE2 

; GET’ CLEAR MASTER MASK COMMAND 

2029 

E2C2 

51 


OUT 

CPOF.T 

; AND SEND TO CONTROL PORT. 

202E 

FE 

52 


I I 


J ENABLE CPU INTERRUPTS. 

202C 

C9 

52 


RET 


; RETURN TO CALLING PROGRAM. 



54 







55 


ENE 




Figure 21. Example Routine. 
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Figure 22. Example Control Table. 


also allows any number of response locations to be updated 
in any order. The program driving the table simply assumes 
that every response level receives the same number of bytes 
as the level with the longest response. 

Other table organizations are also possible. A more general 
table could contain the IMR value to be used, the ACR value, 
the table byte length, the operating mode values, etc. As 
more of the variable control information is added to the table, 
the software routine becomes more general and can be used 
not only for initialization, but for operational changes as well. 


Then there might be several tables in memory with an ad¬ 
dress supplied to the routine that points to the controlling 
table to be used. Note that the calling program can use just 
portions of an existing table if desired, simply by controlling 
the contents of the machine registers when the routine is en¬ 
tered. 

Another approach is to omit the byte count/level command 
code from the table and compute its value in the driving 
routine. This may be especially appropriate when all the re¬ 
sponse entries are the same length and contiguous levels are 
being filled. The BY1, BYO field need not change then, and a 
simple increment instruction will generate the proper com¬ 
mand coding by changing the L2, LI, LO field. To minimize 
the table length, which might become an important considera¬ 
tion for larger systems with many more interrupts, it is also 
possible to use the byte count to control the number of bytes 
transferred into each memory level. 

The Am9519 offers new levels of versatility and sophistication 
for interrupt systems. It represents interesting opportunities for 
both hardware and software engineers to enhance new de¬ 
signs and to take advantage of the features now available. 
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